The reaction of (Z)-5-bromo-3-(1-methylpyrrolidin-2-ylidene)-3H-indole with refluxing pentane-2,4-dione gave two compounds, the major product, 1-[(E)-4-(5-bromo-1H-indol-3-yl)-1-methyl-2,5,6,7-tetrahydro-1H-azepin-2-ylidene]propan-2-one being accompanied by 1-(7-(2-amino-5-bromophenyl)-1,4-dimethylindolin-5-yl)ethanone. Each product is believed to be derived from initial protonation of (Z)-5-bromo-3-(1-methylpyrrolidin-2-ylidene)-3H-indole by the diketone followed with nucleophilic diketone-C-3-addition at the C-2 of the 3H-indolium cation.
Introduction
The reaction of the complex formed from 1-methylpyrrolidin-2-one and POCl 3 , with indole, gives rise to 3-(1-methylpyrrolidin-2-ylidene)-3H-indole 1 1 . This compound contains an intriguing combination of enamine and imine (as part of a 3H-indole) groups in conjugation. Reaction with an electrophile at the imine nitrogen is particularly favored by delocalization of charge in the species, thus produced 1 [pK a 10.6 by UV spectroscopic measurement in MeOH-H 2 O (1:1)] 1, 2 .
The UV absorption, NMR spectrum, and a crystallographic study of 3-(1-methylpyrrolidin-2-ylidene)-3H-indole 1 have been reported [3] [4] [5] [6] [7] . The chemistry of 3-aminoalkylidene-3H-indoles such as 1 can be used for the construction of polycyclic indoles 7 . 6,7-Dihydroindolo[3,2-a]quinolizine 2 and 1,2,3,4,6,7-hexahydroindolo[3,2-a]quinolizine 3 can be obtained from cyclic allylamine-cyclic enamine isomerization by (Ph 3 P) 3 RhCl catalysis. 7 Treatment of allylamine 4 with (Ph 3 P) 3 RhCl in aqueous acetonitrile at 100 °C produces tetracycle 5 in 48% yield 7 .
Complimentarily, tetracycle 5 could be obtained via 3-aminoalkylidene-3H-indole chemistry. In the first step, cyclization of indole-N-substituent 6 using phosphorus oxychloride yielded the further conjugated 3-aminoalkylidene-3H-indole 7. Sodium borohydride reduction of 7 produced 8, which could be catalytically reduced to 5 (Scheme 1) 7 .
Scheme 1
We report here the synthesis and reaction of 5-bromo-3-(1-methylpyrrolidin-2-ylidene)-3H-indole 9 with pentane-2,4-dione which we believe is initiated by proton transfer from the weakly acidic 1,3-dicarbonyl component to the strongly basic nitrogen of 9.
Results and Discussion
5-Bromo-3-(1-methylpyrrolidin-2-ylidene)-3H-indole 9 was obtained from the reaction of 5-bromoindole with 1-methylpyrrolidin-2-one in the presence of POCl 3 . We found that when the complex of POCl 3 and 1-methylpyrrolidin-2-one was produced at -10 to 0 °C, white needle crystals of the indole derivative 9 were obtained after crystallization from nhexane/acetone, in 95% yield (Scheme 2).
Scheme 2
When 5-bromo-3-(1-methylpyrrolidin-2-ylidene)-3H-indole 9 was treated with pentane-2,4-dione at reflux, two products were formed, and were identified as 1-[(E)-4-(5-bromo-1H-indol-3-yl)-1-methyl-2,5,6,7-tetrahydro-1H-azepin-2-ylidene]propan-2-one 20 in 78% yield and 1-(7-(2-amino-5-bromophenyl)-2,3-dihydro-1,4-dimethyl-1H-indol-5-yl)ethanone 16 in 4% yield (Scheme 3).
Scheme 3
The major yellow crystalline product 20 showed strong UV absorption at λ max 350 nm. Its 1 H-NMR spectrum had a singlet at δ 11.12 ppm belonging to exchangeable N-H hydrogen. The exocyclic =CH proton was observed as a singlet at δ 5.19 ppm. The N-CH 3 and acetyl protons as two three-hydrogen singlets were observed at δ 3.14 and 2.18 ppm respectively. In the 13 C-NMR spectrum of compound 20, 18 different signals were detected. The carbonyl stretching frequency at 1611 cm -1 in its FT-IR spectrum indicated that the carbonyl group was conjugated.
We examined the crystal structure of the major product 20, C 18 H 19 BrN 2 O 8 . The sevenmembered azepine ring adopts a twist-boat conformation. Bond distances and angles in 20 are in the normal range and are given in Tables 1 and 2; Table 3 contains selected torsion angles.
The planar 5-bromoindole bicycle is not coplanar with the enone in the seven-membered azepine ring. The dihedral angle between the enone double bond and the mean plane of the indole ring is 27.8°. The sum of the angles at the azepine nitrogen is 359.4°, indicating its conjugating interaction with the exocyclic enone and that therefore it is sp 2 hybridized. The exocyclic double bond has E geometry. An N-H···O hydrogen bond between the indole ring and the carbonyl group of the propan-2-one group links the molecules into chains along the b axis (Figures 1 and 2 ). Table 2 . Bond angles in 20 (atom numbering is given in Figure 1 Table 3 . Torsion angles in 20 (atom numbering is given in Figure 1 )
The mechanism which we believe represents the reaction of 5-bromo-3-(1-methylpyrrolidin-2-ylidene)-3H-indole (9) with pentane 2,4-dione is shown in Scheme 4. The best rationalization for the formation of the two products involves a common intermediate (10) resulting from diketone-C-3-enolate addition to the salt 9a at the indole 2-position. Tautomerism of the enamine from the exocyclic to the endocyclic position [→ 12] via a protonation-deprotonation sequence mediated either intramolecularly or by intramolecular protonation by an apposite methyl group proton, producing 11 transiently, would be followed by intramolecular enamine alkylation in 13. This would generate intermediate tetracycle (14) which could produce 16 via the loss of water and 1, 2-elimination.
The major product 20 would be formed from the spirocycle 17 by 1, 2-elimination of diketone enolate, to give 18, followed by a gramine type elimination of the basic nitrogen to give 19. Subsequently, 20 would be simply formed by intramolecular interaction between secondary amine and ketone carbonyl and then loss of a molecule of water, enamine formation, and tautomerism to the aromatic indole (Scheme 4).
Scheme 4 Experimental Section
Melting points were determined on a Philip Harris C4954718 apparatus. Infrared spectra were recorded on a Thermo Nicolet (Nexus 670) Fourier transform (FT) infrared spectrometer, using sodium chloride cells and measured in KBr pellets.
1 H (300 MHz) and 13 C (75.5 MHz) NMR spectra were recorded on a Bruker 300 spectrometer in CDCl 3 using TMS as the internal reference. Mass spectra were recorded on Agilent 6890-N-Network-GC-system. The routine purification of reagents and solutions was carried out by standard laboratory procedures (Armarego and Perrin, 1997). Analytical thin-layer chromatography (TLC) was carried out with Merck silica gel 60 F 254λ aluminum sheets. Microanalyses were performed on a Leco Analyzer 932. -3-(1-methyl-2-pyrrolidinylidene)-3H-indole 9 . To 1-methyl-2-pyrrolidinone (4 mL, 0.04 mol) cooled in an ice bath was added of phosphorous oxychloride (4.08 g, 0.026 mol) with stirring during 30 min. The temperature was maintained at -10 to 0 °C. The mixture was stirred an additional 10 min. and then a solution of 5-bromoindole (4.68 g, 0.024 mol) in of 1-methyl-2-pyrrolidinone (4 mL, 0.04 mol) was added slowly during 1 h. The temperature rose to 45 °C and a solid separated. The mixture was heated at 80 °C for 3 h then mixed with water (100 mL). The clear solution was made basic by the addition of NaOH (6 g) in water (30 mL) causing a solid to separate. The solid was filtered off and washed with water. Recrystallization from n-hexane-acetone afforded the desired product (9) (6.29 
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